The divided nasal cannula is a device recently released in Australia that couples oxygen delivery and end-tidal carbon dioxide (P ET CO 2 ) monitoring. This study compares the accuracy of P ET CO 2 measurements by the divided nasal cannula and those measured by a modified facemask (as currently used in this institution), with arterial partial pressure of carbon dioxide (P a CO 2 ). In this crossover study, 30 patients who had arterial lines as part of their routine monitoring were given oxygen via nasal cannula and facemask preoperatively. The P ET CO 2 was measured with each device and a simultaneous P a CO 2 and P a O 2 measured after equilibration. The results demonstrate a significant difference between the P ET CO 2 as measured by each technique. The divided nasal cannula more accurately reflects P a CO 2 (mean arterial to end expired gradient of 5 mmHg) and provides a more representative trace when compared to a traditional facemask system. Both methods provided adequate oxygenation. FIGURE 1: Modified facemask.
Adequate ventilation is a vital component of anaesthesia and many developments have assisted the monitoring of this parameter. Oximetry and capnography play key roles in the monitoring of patients under anaesthesia. Modern capnographs have the advantage of rapid response times in the detection of apnoea 1, 2 . Carbon dioxide (CO 2 ) monitoring is also useful in sedated patients but usually requires some form of modification of a standard oxygen delivery system [3] [4] [5] . The most commonly used method at this institution is to attach the carbon dioxide sampling line to the hub of a mixing cannula which is inserted into a perforation in a facemask (Hudson RCI, Temecula, CA, U.S.A.) ( Figure 1 ). A new modified nasal cannula may improve the accuracy of carbon dioxide monitoring in sedated patients. It has been shown to accurately determine the partial pressure of end-tidal carbon dioxide (P ET CO 2 ) 6,7 while the twopronged nasal cannula has demonstrated a quantitative advantage over the four-pronged nasal cannula in P ET CO 2 estimation of the arterial partial pressure of carbon dioxide (P a CO 2 ) 8 .
In this study, the accuracy of P ET CO 2 (as an estimate of P a CO 2 ) using the facemask (as described above) and the two-pronged divided nasal cannula (Salter Labs, Arvin, CA, U.S.A.) ( Figure 2 ) are compared. Adequacy of oxygenation is also considered.
MATERIALS AND METHODS
With institutional ethics committee approval, 30 ASA 2 or 3 adult patients were recruited. The study involved patients who required an arterial line for monitoring during elective surgery. Preoperatively a percutaneous radial arterial catheter was placed. The patient was given oxygen via either a nasal cannula (Salter Labs) or a facemask (Hudson RCI) at a rate of four litres per minute. The sequence in which the devices were used was alternated in consecutive patients. After allowing 10 minutes for equilibration, a blood gas sample was taken from the arterial line and the P ET CO 2 reading on the capnograph was recorded. Oxygen was then delivered by the alternate system. Another blood gas sample was taken after a further ten-minute equilibration period. The P ET CO 2 reading was noted at the time of repeat blood sampling. The volume of blood removed from each patient approximated 10 ml in total. The capnograph trace for each system was also recorded for comparison ( Figures 5 and 6 ). Datex AS3 anaesthetic monitors were used (Datex-Ohmeda, Helsinki, Finland). Airway gas sampling rate was 200 ml per minute. P a CO 2 levels were compared with P ET CO 2 measured from the capnograph readings using the two modes of carbon dioxide sampling.
RESULTS
Data is presented as mean (standard deviation, SD) and 95% confidence intervals (CI). Agreement between P ET CO 2 and P a CO 2 was calculated using the Bland and Altman method 9 . Bias is defined as the mean difference between methods, and limits of agreement is calculated as 1.96xSD of the difference. As the value of P ET CO 2 is consistently less than P a CO 2 , bias is presented as the absolute value. The agreement and resultant P a O 2 of each group were compared using the paired t-test. All analyses were performed using SPSS V8.0 for Windows. P<0.05 was considered significant.
The facemask P ET CO 2 bias was 14.7 mmHg and the limits of agreement were 2.17 mmHg to 27.2 mmHg (Figure 3) . The nasal cannula P ET CO 2 bias was 5.0 mmHg and the limits of agreement were -4.9 mmHg to 15.0 mmHg (Figure 4) .
The results show that the difference between arterial and end-tidal carbon dioxide levels (P a CO 2 -P ET CO 2 ) is significantly greater in the facemask The results demonstrate the superiority of the divided nasal cannula in P ET CO 2 determination when compared with the modified facemask. The P ET CO 2 readings from the nasal cannula approximated that of the P a CO 2 with a mean bias of 5 mmHg and displayed a capnograph waveform that more closely matched a sampling trace from an endotracheal tube ( Figures 5  and 6 ).
Of the 30 consecutive patients recruited, one mouth-breather was encountered. The situation resulted in a P ET CO 2 as measured by nasal cannula which fluctuated tremendously (23 to 42 mmHg). It was decided that the results of the subject should be discarded because no consistent P ET CO 2 was recordable.
Clinical use of the nasal cannula was not limited by oxygenation in this patient group. There was no clinical difference in the oximetry readings (all 99 to 100%), although the facemask did achieve a higher P a O 2 .
DISCUSSION
There are many situations in which the nasal cannula is already used in delivering oxygen to sedated patients. The addition of P ET CO 2 monitoring greatly improves detection of hypoventilation.
Furthermore, in situations where a patient is not tolerating a facemask, a nasal cannula is a useful alternative. The quantitative approximation of P ET CO 2 measured by the divided nasal cannula to endotracheal P ET CO 2 values also makes resetting of alarm limits unnecessary.
It should be noted that the patients recruited in this study were all non-sedated volunteers who did not suffer from major airways disease. Further studies looking at the use of this monitoring device in patients with respiratory illness would be of interest, as this group of patients require optimum ventilatory monitoring.
CONCLUSION
Although not a substitute for arterial gases, the P ET CO 2 is a readily obtainable clinical estimate of P a CO 2 . The nasal cannula system provides a more accurate P ET CO 2 reading than the facemask system, more closely reflecting P a CO 2 , and is a useful adjunct in the monitoring of ventilation of patients.
